1. Introduction {#sec1}
===============

Borderline personality disorder (BPD) is a severe mental disturbance characterized by a pervasive pattern of instability of interpersonal relationships, affects, identity, and marked impulsivity that begins in early adulthood and is expressed in a variety of contexts ([@bib1]). One of the most important and relatively understudied psychopathological feature of BPD is identity disturbance or diffusion. Stable and consistent identity implies a meaningful integration of the personal past, present and future in a coherent narration of the individual\'s life ([@bib38]; [@bib10]). In patients with BPD a consistent sense of self and others is lacking and the process of identity formation is impaired ([@bib69]; [@bib30]). The deficit of identity integration reveals itself in the fragmentation of the narrative self, dealing with a shifting view of oneself, with rapidly changing roles and relationships and an underlying feeling of inner emptiness ([@bib26]). Moreover, research supports that individuals with BPD have difficulty with self-other differentiation, defining the psychological boundaries between oneself and another ([@bib5]) and show poorly differentiated self-referential cognitive and emotional processes also at the neurobiological level ([@bib55]). In the last decades Functional Magnetic Resonance Imaging (fMRI) studies, designed to identify brain areas involved in identity construction and integration, have received a growing interest ([@bib13]; [@bib46]; [@bib35]; [@bib16]; [@bib66]). For example, Beeney and colleagues ([@bib5]) performed an investigation on self-other representations in BPD patients during several social tasks in fMRI. They found that individuals with BPD had scarce temporal consistency in self and other representations and reported poor differentiation between self and others. In particular, BPD patients showed a hyperactivation in the medial prefrontal cortex, temporal parietal junction, several regions of the frontal pole, the precuneus and middle temporal gyrus, thus all crucial areas for social cognition.

However, to our knowledge, only one study investigated the relationship between personality functioning in terms of identity integration and brain structures activity in a sample of BPD patients ([@bib18]). Authors found that a significantly decreased level of deactivation in the anterior and posterior cortical midline structures was able to predict low levels of personality functioning and identity integration.

The concept of personal identity is connected to a recall of autobiographical memories, a process of reflective thinking through which we form links between disparate elements of our life and the self ([@bib29]; [@bib67]; [@bib61]; [@bib31]; [@bib4]). In this view, autobiographical memory can be considered an indirect index of the level of identity integration and coherence ([@bib44]; [@bib52]; [@bib36]).

The brain network underpinnings of autobiographical memories have been extensively investigated in healthy subjects with neuroimaging studies using tasks consisting of recall of specific life events ([@bib28]; [@bib63]; [@bib9]; [@bib43]; [@bib60]; [@bib33]; [@bib41]; [@bib15]). Reviews of studies of autobiographical memory ([@bib28]; [@bib63]; [@bib9]; [@bib11]; [@bib39]) have shown a crucial role of posterior cingulate cortex (PCC), left medial prefrontal cortex (lMPFC), as well as hippocampus and surrounding regions. Several studies found a relationship between memories of life facts and activity pattern changes in the prefrontal cortex (PFC) (a region in the dorsal extent of the inferior frontal gyrus and a region of the right frontal polar cortex), lateral and medial posterior parietal cortex (PPC) (inferior parietal lobule complex) ([@bib42]; [@bib57]; [@bib65]), temporoparietal junction (TPJ), and cerebellum ([@bib63].; [@bib25]; [@bib40]; [@bib50]). With regard to BPD patients, only few studies have been conducted to examine the cerebral areas involved in autobiographical memory recall ([@bib3]; [@bib56]; [@bib20]). In particular, Beblo and colleagues ([@bib3]) evaluated the differences in brain activity between BPD patients and healthy controls during fMRI sessions. The researchers administered to patients and controls an Autobiographical Interview, from which significant life events (two resolved and two unresolved) were extrapolated. Authors defined unresolved life events as experiences of negative emotional valence still evoking serious emotional reactions. On the contrary, although resolved life event were defined as being also negative experiences, they were subjectively perceived as overcome and not leading to emotional arousal during recall ([@bib3]). Authors found that comparison of unresolved and resolved life events memories revealed different activations of neural networks in BPD patients compared to healthy subjects. In particular, they registered an increased activity of brain areas associated with the recall of unresolved life events compared to resolved life events in patients with BPD, but not in controls. The fMRI follow-up study performed by the same group aimed to investigate changes of neural activation patterns in response to the recall of unresolved life events compared with resolved life events over one year in the subgroup of BPD patients. Authors observed a substantial decrease in the right, relative to the left hemispheric activation of the brain areas (temporo-frontal neural activation patterns) that may be considered to be involved in the processing of autobiographically relevant, traumatic, or at least highly adverse and anxiety-related stimuli ([@bib20]). In another study ([@bib56]), authors evaluated the affective response of BPD patients that were exposed to visual stimuli: pictures from the Thematic Apperception Test (TAT) as a cue of aversive autobiographical memories and neutral pictures as reference condition. The main finding was the lack of differential activations between TAT and neutral stimuli in some brain areas (orbitofrontal, cingulate, and frontal areas) in BPD patients compared with controls. In addition, BPD patients showed increased activity in temporal areas and PCC, which indicates a deficit of selective attention involved in autobiographical memory retrieval and a general tendency towards self-referential information processing.

Although the role of medial PFC in processing self-relevant information and other social stimuli has been extensively studied in healthy subjects ([@bib15]; [@bib6]; [@bib2]), additional studies demonstrated abnormal neural activation in BPD patients in regions that contribute to self-processing, such as dorsolateral prefrontal cortex (DLPFC) ([@bib15]; [@bib53]), a brain area involved in cognitive control across self-referential and non-self-referential processes ([@bib34]).

Our study was aimed to investigate the differences in brain functioning between BPD patients and healthy controls during a task of autobiographical memory using fMRI. In particular, we evaluated brain functioning in patients with identity diffusion, a core psychopathological factor of BPD that had not been considered in previous investigations. Based on recent literature data ([@bib5]; [@bib13]; [@bib15]; [@bib50]; [@bib3]; [@bib56]; [@bib2]; [@bib54]; [@bib45]; [@bib12]; [@bib59]; [@bib47]) about neural correlates involved in patients with BPD during autobiographical memories and self-referential processes we hypothesised that BPD patients with a deficit in identity integration may present a higher brain activation in medial prefrontal cortex, dorsolateral prefrontal cortex, insula, anterior cingulate cortex, posterior cingulate cortex, and temporal parietal junction during the recall of significant life events, both resolved and unresolved, in comparison with controls.

2. Materials & methods {#sec2}
======================

2.1. Materials {#sec2.1}
--------------

The initial sample consisted of 24 consecutive outpatients who received a diagnosis of BPD based on DSM-5 criteria ([@bib1]) and a group of 24 healthy subjects matched for gender, age, and education (number of years completed at school and university referred by patients and confirmed by school and academic certificates). All participants were aged between 18 and 60 years. Subjects included in the study had all right handed dominance with range for right handedness Laterality Index (LI) 48 ≤ LI \< 100 ([@bib49]). Both groups included males and females. Healthy subjects were recruited among general population and were tested with the Structured Clinical Interview for DSM.IV Axis I and II Disorders ([@bib21], [@bib22]) to control for psychiatric disorders. Neurological diseases were also excluded. All BPD patients of our sample had to meet the criterion identity disturbance as one of the five diagnostic criteria required for the diagnosis. Patients attended the Center for Personality Disorders of the Department of Neuroscience at the University of Turin, Italy. The psychiatric diagnosis was made by an expert clinician and was confirmed with the Structured Clinical Interview for DSM.IV Axis I and II Disorders ([@bib21], [@bib22]). The following were considered exclusion criteria: diagnoses of dementia, delirium, and other cognitive disorders; neurological diseases; schizophrenia and other psychotic disorders; bipolar disorders; concurrent major depressive episode; post-traumatic stress disorder, and substance abuse in the last two months. All subjects were free from psychiatric/neurological medications since 3 weeks, and from psychotherapy since 3 months. Female patients of childbearing age were excluded if they were not using adequate birth control methods (according to the judgment of clinicians). Each subject voluntarily participated in the study, after providing written informed consent. We observed the Declaration of Helsinki guidelines. Approval was obtained from the ethics committee of the University Hospital "Città della Salute e della Scienza --Ospedale dell'Ordine Mauriziano" of Turin. The trial was registered in the Australian New Zealand Clinical Trials Registry (ANZCTR) and allocated the code: ACTRN 12616000149460. The registration date was 8.02.2016.

2.2. Instrumentation {#sec2.2}
--------------------

Both groups (patients and controls) were tested with the Autobiographical Interview (AI) ([@bib68]) and Identity Disturbance Questionnaire (IDQ) ([@bib67]) to evaluate the degree of identity integration.

The Autobiographical Interview (AI) was performed on all subjects a week before fMRI by an expert clinician (psychiatrist) (P.B.). The interview covered the whole lifespan (childhood, youth, early adulthood, adulthood) and included social relationships, significant others, school, and employment. It allowed to obtain 2 unresolved life events and 2 resolved life events. Both, subject and clinicians selected the significant life events. Subject listed for each life event 4 keywords, that were used to trigger active recall during fMRI. Clinician and subject together ensured that the keywords triggered recall of the specific life-event. Moreover, the clinician, at the end of the interview, prepared a brief summary (words\' number ranged from 25 to 27) for each event. Four brief summaries and 16 keywords were obtained for each subject from AI in order to present the unresolved versus resolved life events during fMRI. We considered as resolved event a life experience that the subject conceived as totally elaborated and concluded, while we considered as unresolved event a life experience that still produced its effects on the present and that the subject conceived as not completely integrated in his life.

We chose to present to subjects both life event summary and keywords related to the event in order to be sure that subjects during fMRI were actually recalling their specific life event.

In addition, before performing fMRI all subjects identified 4 neutral stories (words\' number ranged from 25 to 27), each one of them associated to 4 keywords with a neutral meaning, among a pre-established set of neutral brief stories (21). Particular attention was payed to be sure that neutral stories did not include social content and interpersonal interactions. A preliminary set of neutral stories (44) was previously administered to 130 subjects, who indicated which stories and keywords they considered as neutral. Only stories that were found neutral by \> 80% of subjects were used in the task as control conditions (21 stories).

The IDQ ([@bib67]) is a clinician rated scale including 40 items rated on a 1--5 scale (1 = not true at all; 5 = very true). In the scale a mixture of items that require some inference and items that describe relatively manifest aspects of the subject\'s life is included. The item set assesses different manifestations of identity disturbance, such as contradictory beliefs and behaviours, changes of values, painful inner incoherence and inconsistency, and confusion over sexual orientation. Wilkinson-Ryan and Westen identified four identity disturbance factors: role absorption (in which patients tend to define themselves in terms of a single role or cause), painful incoherence (a subjective sense of lack of coherence), inconsistency (an objective incoherence in thought, feeling, and behavior), and lack of commitment (e.g., to jobs or values). Each item was associated with one of these four factors. The score of each factor was obtained with the mean of the related items scores. In this study we used the mean score of the four factors (range values:1--5). Higher scores indicated a worse identity integration.

2.3. Methodology {#sec2.3}
----------------

In order to investigate the brain functioning in patients with identity diffusion, we applied a modified version of [@bib3] as autobiographical memory recall task ([Fig. 2](#fig2){ref-type="fig"}). Specifically, we used an experimental design, in which participants were instructed to recall their life events (resolved and unresolved) and we added the presentation of the summary for each life event to prepare the recall. Before the fMRI session the experimental task was explained in detail to each participant using a computerized training with a set of different events from those utilized during the experimental task. Participants were instructed to approach trials, in order to remember content of each life event, resolved and unresolved. Neutral sentences and neutral keywords were presented to all subjects as control conditions during fMRI. The order of the trial visualization was pseudorandomized using the visual stimuli system E-Prime software (Psychology Software Tools, Inc., Pittsburgh, PA) trough specific eyeglasses (Philips Resonance Technology, Inc.). The fMRI event related paradigm consisted of 24 trials (8 resolved, 8 unresolved, and 8 neutral) was administered. Each of them consisted of: 1) *summary*, presentation of the brief summary of the event for 15 s; 2) fixation cross for 5/6 s; 3) *keyword* for 5 s; 4) fixation cross for 6/7 s; 5) response screen for 4s, in which all participants were asked to identify the emotion they have felt among "positive", "neutral", and "negative" by clicking a button with the first three fingers of their right hand. This phase was used to control that the task was performed in a correct manner.

Each trial started with the presentation of the *summary* for 15s on the screen, followed by a fixation cross for 5--7s, *keyword* for 6s, a fixation mark for 5--7s, and response screen for 4s.

Images were acquired using a 3.0 T MRI Scanner (Philips Ingenia) with a 32 channel array head coil, equipped with Philips specific eyeglasses (Resonance Tecnology, Inc.). Experimental session were performed at the Center of Brain Imaging 3T-NIT, at the Hospital Città della Salute e della Scienza in Turin, Italy.

The functional images were collected using an Echo-Planar Image sequence (EPI) (TR/TE = 3000/30 ms, 32 slices, matrix size = 92×96, slice gap = 0.5 mm, field of view (FOV) = 224 × 224 mm^2^, flip angle = 90°, slices aligned on the AC-PC line during functional run, consisting of 415 volumes). The first four volumes of run were discarded to allow the equilibration of T1 saturation effects. In the fMRI runs, structural images of the whole brain were acquired using a T1-weighted sequence (TR 8.1 ms, TI 900 ms, TE 3.7 ms, voxel size 1 × 1 × 1 mm³).

2.4. Analysis {#sec2.4}
-------------

Functional and structural images were analyzed using Statistical Parametric Mapping 8 (SPM8, Wellcome Department of Cognitive Neurology, London, UK) ([@bib24]) implemented in Matlab (Mathworks, Cherborn, MA, USA). All functional images were spatially realigned to the first volume, co-registered to the mean image, and segmented in gray matter, white matter, and cerebrospinal fluid tissues in anatomical scans, normalized to the MNI (Montreal Neurological Institute) space, and smoothed with an 8 mm full-width half-maximum Gaussian Kernel (FWHM), with an additional 6 mm smoothing at the first level. In order to remove low-frequency drifts, high-pass temporal filtering with a cut-off of 128 s was applied. This methodological approach is broadly used in literature, for example in the study published by [@bib23].

After pre-processing - for each participant - the General Linear Model (GLM) for statistical analysis was applied, convolving a stick function with a hemodynamic response function (HRF) to regressors of interest. For each of them, at the first level we computed and modelled three regressors: *resolved keyword*, *unresolved keyword*, *neutral keyword*. In addition, six parametric regressors of no interest to the design matrix were included in order to correct residual effects of head motion. All fMRI data underwent rigorous quality control check to exclude motion artefacts (threshold: \> 2 mm translation and 2-degree rotation).

At the second level, in order to investigate the neural correlates involved during recall of resolved, unresolved life events compared to neutral conditions, we used SPM8 (Welcome Department of Imaging Neuroscience, London, UK) software. We have performed a full-factorial design with the 'group' being the independent between-subject factor and the factor life-event being measured at three levels (resolved keyword, unresolved keyword, neutral keyword). Linear contrasts were calculated for the comparisons of life-event between conditions (resolved keyword, unresolved keyword, neutral keyword): i) resolved keyword condition *vs* neutral keyword condition, and ii) unresolved keyword condition *vs* neutral keyword condition. We applied the accepted procedure defined by [@bib70] in line with this we initially looked at ROIs and after a whole-brain data in order to reduce type-I error rates ([@bib71]). In fact, in the light of our hypothesis on the role of brain networks in the process of autobiographical memories, we defined multiple a priori ROIs, and used small volume corrections in predefined regions. In particular, we used small volume correction with a sphere of 10 mm radius centered on coordinates from previous neuroimaging studies and meta-analyses ([@bib60]; [@bib33]) to detect neural correlates involved during resolved and unresolved conditions, in the following regions: left posterior cingulate cortex (lPCC, x = -8, y = -52, z = 4) ([@bib33]), right posterior cingulate cortex (rPCC x = 8, y = -52, z = 14) ([@bib33]), left medial prefrontal cortex (lMPFC, x = -38, y = 44, z = 26) ([@bib33]), right medial prefrontal cortex (rMPFC, x = 36, y = 40, z = 23) ([@bib33]) right anterior insula (rAI, x = 40, y = 24, z = 6) ([@bib33]), left anterior insula (lAI, x = -46, y = 20, z = -4) ([@bib60]), right dorsolateral prefrontal cortex (rDLPFC, x = 23, y = 46, z = 39) ([@bib60]), right anterior cingulate cortex (rACC, x = -3, y = 47, z = -1 ([@bib60]), left anterior cingulate cortex (lACC, x = -5, y = 33, z = 22 ([@bib60]), left dorsolateral prefrontal cortex (lDLPFC, x = -46, y = 24, z = 21 ([@bib60]), right temporal parietal junction (rTPJ, x = 49, y = -59, z = 27) ([@bib60]), left temporal parietal junction (lTPJ, x = -47, y = -61, z = 26) ([@bib60]). All these ROIs were applied for both contrasts: 1. life event resolved condition vs neutral condition; 2. life event unresolved condition vs neutral condition (threshold level was corrected for number of ROIs: *P*~corrected~ = 0.05/12 = 0.004). Results obtained by the SVC-based analyses were considered significant for a threshold of *p* \< 0.004 peak level (FWE-corrected). At the second level, other brain activations by the whole brain without SVC-based analyses were not highlighted. All ROIs Talairach coordinates ([@bib60]; [@bib33]) were converted to MNI using <http://www.sdmproject.com>. Finally, we calculated the correlation of neural activity with IDQ scores for the contrast life event unresolved condition *vs* life event neutral condition to examine potential relationships between the internal brain activation and external behaviour. Spearman\'s Rank non-parametric (i.e. Spearman ρ) correlations were computed. In particular, we extracted the first-level contrast estimates from the primary results and correlated these scores with IDQ scores. These parameters were extracted using the toolbox REX (<http://web.mit.edu/swg/software.htm>).

3. Results {#sec3}
==========

In the group of BPD patients the mean age ± SD was 37.17 ± 13.23, fifteen (62.5%) were females and nine were males. In the group of controls, the mean age ± SD was 36.36 ± 12.85, thirteen (54.16%) were females and eleven were males. T-test and chi-square test did not register differences in age (t = 0.730; p = 0.398), gender distribution (χ2 = 0.343; p = 0.558), level of education (t = 0.983; p = 0.327), and handedness (t = -1.5; p = 0.190) between BPD patients and healthy controls. As expected, BPD patients showed a significantly lower degree of identity integration (higher IDQ score) than controls. IDQ score registered in healthy subjects group was: mean ± SD = 1.34 ± 0.52, while in BPD patients group it was: mean ± SD = 3.04 ± 1.05 (t = 6.83; df = 43; P = 0.001) ([Table 1](#tbl1){ref-type="table"}).Table 1Demographic and clinical characteristics of BPD patients and healthy controls. Demographic variables and IDQ score were compared with t-test and chi-square test.Table 1BPD\
Mean ± SDHealthy controls\
Mean ± SDt/χ2P**Demographic variables**Age37.17 ± 13.2336.36 ± 12.840.7300.398Female gender N (%)15 (62.5%)13 (54.16)0.3430.558Level of education13.30 ± 3.1913.00 ± 2.560.9830.327**Clinical variables**IDQ total score3.04 ± 1.051.34 ± 0.526.830.001[^2]

After visual inspection of the anatomical scans three subjects were excluded from further analyses due to neurological abnormalities: 1 patient and 2 controls. The final sample consisted of 23 BPD patients (15 females and 8 males) and 22 healthy controls (14 females and 8 males).

Full factorial within-group analysis was performed.

We report the following results about t-contrasts of keyword analyzed for each group:

\- the contrast *unresolved* vs *resolved* conditions for group of BPD patients did not show significant differences in brain activity. Instead, for group of healthy subjects we found a significant increased activity in bilateral temporo-parietal junction (rTPJ: x = 42; y = -57; z = 33), (lTPJ: x = - 41; y = -52; z = 35), in right orbitofrontal cortex (rOFC: x = -47; y = 44; z = -10), in right dorsolateral prefrontal cortex (rDLPFC: x = 54; y = 19; z = 17).

**-** the contrast *resolved* vs *neutral* condition for the group BPD patients showed significant increased activity in the right temporoparietal junction (rTPJ: x = 51; y = -45; z = 49) and in the right insula (x = 49; y = 16; z = -4). In healthy participants no significant differences in brain activity were found.

Full factorial between-group analysis, BPD patients versus controls, showed significant differences in brain activations in the following t-contrasts ([Table 2](#tbl2){ref-type="table"}): 1) resolved keyword condition *vs* neutral keyword condition, and 2) unresolved keyword condition *vs* neutral keyword condition.Table 2Significantly activated brain regions.Table 2Contrasts of interestMNI CoordinatesZ-scoresT valuesP values*XYZBPD patients vs Healthy subjects****Life event resolved condition vs life event neutral condition***Right prefrontal cortex (rMPFC)115194.094.28= .001Right anterior insula (rAI)482544.104.32\<.001Left anterior insula (lAI)-432174.054.24= .002Right dorsolateral prefrontal cortex (rDLPFC)3528314.074.27= .001Right anterior cingulate cortex (rACC)742144.024.23= .002***Life event unresolved condition vs life event neutral condition***Right anterior cingulate cortex (rACC)839124.394.46\<.001Left anterior cingulate cortex (lACC)-1029123.893.81= .002Right dorsolateral prefrontal cortex (rDLPFC)4117304.014.15= .003Left dorsolateral prefrontal cortex (lDLPFC)-3719264.474.67\<001Right temporal parietal junction (rTPJ)42-56343.963.86= .002[^3][^4][^5]

For the contrast resolved keyword condition *vs* neutral keyword condition, we observed a significantly increased activity of the right medial prefrontal cortex (rMPFC, x = 11, y = 51, z = 9), the bilateral anterior insula (rAI: x = 48; y = 25; z = 4), (lAI: x = -43; y = 21; z = 7) the right dorsolateral prefrontal cortex (rDLPFC: x = 35; y = 28; z = 31), and the right anterior cingulate cortex (rACC: x = 7; y = 42; z = 14) in BPD patients relative to healthy subjects ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Significant neural activation in group analysis: patient group *vs* control group for the contrast resolved keyword condition vs neutral keyword condition. Brain areas activated are labelled. Abbreviations: ACC: anterior cingulate cortex, AI: anterior insula, DLPFC: dorsolateral prefrontal cortex, MPFC: medial prefrontal cortex, r: right, l: left. The color bar indicates t-values.Fig. 1Fig. 2Significant neural activation in group analysis: patient group *vs* control group for the contrast unresolved keyword condition vs neutral keyword condition. Brain areas activated are labelled. Abbreviations: ACC: anterior cingulate cortex, DLPFC: dorsolateral prefrontal cortex, TPJ: temporal parietal junction, r: right, l: left. The colour bar indicates t-values.Fig. 2

For the contrast unresolved keyword condition *vs* neutral keyword condition, we found a significantly increased activation in the bilateral anterior cingulate cortex (rACC: x = 8; y = 39; z = 12), (lACC: x = -10; y = 29; z = 12), the bilateral dorsolateral prefrontal cortex (rDLPFC: x = 41; y = 17; z = 30), (lDLPFC: x = -37; y = 19; z = 26), and the right temporal parietal junction (rTPJ: x = 42; y = -56; z = 34) in BPD patients compared with healthy controls ([Fig. 1](#fig1){ref-type="fig"}). In addition, we calculated the correlation of neural activity with IDQ scores for the contrast life event unresolved condition *vs* life event neutral condition in each group. In the patient group, we found that response in the rTPJ region was positive correlated with IDQ scores (ρ = 0.44.; p = 0.018). No other brain region showed a significant correlation with IDQ scores. For the control group, IDQ scores did not correlate with activation in any of the ROIs ([Fig. 2](#fig2){ref-type="fig"}).

4. Discussion {#sec4}
=============

The present study was aimed to investigate by fMRI the differences of brain areas activation between BPD patients and healthy controls during a task of autobiographical memory (an indirect measure of identity integration) comparing resolved versus unresolved life events.

We hypothesized that BPD patients with identity diffusion, including lack of inner coherence and consistency, would exhibit different cerebral functioning during the recall of crucial life events in comparison with healthy subjects. The level of identity integration in patients and controls was assessed with the IDQ score, which revealed pronounced between-group differences.

Our findings showed significant differences in functioning of specific brain areas between BPD patients and healthy controls. In particular, the significant differences registered between the two groups concerned the recruitment of the following brain regions: insula, anterior cingulate cortex (ACC), medial prefrontal cortex (MPFC), dorsolateral prefrontal cortex (DLPFC), and temporo-parietal junction (TPJ).

With reference to the condition *resolved*, increased cerebral activity in right ACC, right MPFC, right DLPFC, and bilateral insula was registered in BPD patients compared with controls. On the other hand, when considering the condition *unresolved* increased brain activity was observed in bilateral ACC, bilateral DLPFC, and right TPJ in patients compared with healthy subjects.

Some areas of brain activations were the same in both conditions *resolved* and *unresolved* in BPD patients compared with healthy subjects. In particular, a greater activation of the ACC and the DLPFC was registered. Anterior cingulate cortex is a brain region implicated in attentional and emotional processing and is often described as a point of integration for visceral, attentional, and emotional information concerning self-regulation and adaptability ([@bib17]; [@bib8]). Dorsolateral prefrontal cortex is typically involved during memory search and controlled retrieval processes to reconstruct past events ([@bib9]). This brain area may mediate the reconstruction of details of past episodes in order to mentally re-experience the situations in their original context ([@bib15]). Some investigators suggested that ACC and DLPFC may play a central role in the creation of personal narratives, contributing to form a coherent and stable sense of self and identity ([@bib56]; [@bib34]; [@bib7]). Activations of these regions have been interpreted to reflect an excessive self-focus, negative affect, and attempt of cognitive control ([@bib34]). Hyperactivity in ACC and DLPFC in BPD patients with both conditions, resolved and unresolved, may be due to an effortful but inefficient attempt to reconstruct a coherent narrative of significant life events, whether resolved or not. Therefore, we can infer that patients with BPD show a tendency to experience most of their life events as poorly integrated, in an emotional and cognitive perspective. Furthermore, an alternative explanation could be that BPD patients have the tendency to over-generalize autobiographical memories. These over-general memories may serve as a protective function in BPD patients by preventing some of the negative affect associated with the memories. This tendency may reflect in the increased brain activity in the DLPFC and ACC.

Medial prefrontal cortex, insula and temporo-parietal junction were found engaged in different test conditions. In particular, MPFC and insula presented a higher level of activity in BPD patients compared with controls during the recall of resolved life events and related keywords, while TPJ showed a more pronounced activation in BPD patients versus controls during the recall of unresolved life events and related keywords.

MPFC, insula and TPJ are brain areas that have received increasing attention for their role in self-referential processing ([@bib5]; [@bib60]; [@bib33]; [@bib41]; [@bib15]; [@bib50]; [@bib6]; [@bib64]).

Medial prefrontal cortex is involved in the processing self-relevant information, in the generation of personal significance ([@bib14]), and in mentalizing self versus other ([@bib33]). In BPD patients an abnormal neural activity was found in regions that contribute to self-processing, including MPFC ([@bib5]; [@bib53]). The insula is recognized for its involvement in different aspects of the interoceptive awareness, especially in subjective feelings associated with internal states ([@bib12]). Insula activation is most likely to occur in tasks with perceptual processes and salient emotional component ([@bib14]; [@bib48]; [@bib27]; [@bib62]). Reasoning about other people\'s beliefs or mental states is retained to be linked to TPJ, that is well-known for its association with the theory of mind and abilities of mentalization ([@bib14]; [@bib48]; [@bib51]). Greater recruitment of MPFC, insula, and TPJ was observed in the deficit of emotional self-awareness and in the impairment of theory of mind that were described in several mental disorders, such as BPD, schizophrenia, and autism ([@bib51]; [@bib58]; [@bib37]). In our findings, bilateral insula, and MPFC were activated when patients faced resolved situations. A possible explanation is that resolved life events in BPD patients cannot be considered actually resolved and integrated in self-narratives. In fact, they retain an excessive emotional charge that produces a hyperactivity of the insula, the brain region responsible for processing of inner emotions (interoceptive awareness). Moreover, hyperactivity of MPFC can be associated with the tendency of these patients to over-interpret and over-attribute self and other mental states and the difficulty in processing self-significant information during emotionally-charged situations ([@bib15]; [@bib19]). TPJ was hyperactive during the recall of unresolved experiences. In order to propose a reason for this finding, we have to consider that unresolved events are characterized by a different and peculiar meaning in BPD patients compared with controls. In fact, this kind of events are strictly related to patients\' negative experiences with dysfunctional interpersonal relationships. As problems in interpersonal relationships are commonly associated in BPD with the deficit of theory of mind and abilities of mentalization, the hyper-recruitment of TPJ may be interpreted as a compensatory activity. The role of TPJ in BPD patients with identity disturbance is particularly notable as it is the only brain area that showed a significant correlation with IDQ score in our sample.

It is not easy to compare our findings with those obtained in other studies, due to the important differences in methods and design of experimental tasks on brain functioning and identity disturbance in patients with BPD. To our knowledge, three studies about autobiographical memories in BPD in comparison with controls have been published ([@bib3]; [@bib56]; [@bib20]). In particular, in the two studies performed by Beblo and colleagues ([@bib3]) and Driessen and colleagues ([@bib20]) the unresolved experiences used as trigger in fMRI had all a negative/traumatic connotation; the retrieval cues were presented via auditory stimuli; brain activity was evaluated while listening to the keywords in comparison with resting state as reference condition. In addition, patients enrolled presented several psychiatric disturbances in comorbidity (including post-traumatic stress disorder), and medications and psychotherapies were admitted during the studies. As for the study performed by Schnell and colleagues ([@bib56]), evaluation was focused on affective response of BPD patients to aversive/negative visual stimuli derived from TAT. Nevertheless, some considerations can be made. Our results are in contrast with those from the studies of Beblo and colleagues ([@bib3]; [@bib20]), while are more consistent with the findings reported by Schnell and colleagues ([@bib56]). In the studies by Beblo et al. ([@bib3]; [@bib20]), results showed an increased activity of insula, the right orbitofrontal cortex, the right temporal lobe, amigdala, and the cerebellum vermis in BPD patients for the contrast unresolved life events versus resolved life events, but not for the contrast resolved versus neutral events. As already mentioned, methodological differences between the studies of [@bib3] and our investigation may be a reason for the diverging findings. In contrast, findings exposed in our study are mainly concordant with those presented by Schell and colleagues ([@bib20]). They found that BPD patients displayed hyperactivity in the prefronto-cingulate brain areas for both autobiographical and neutral stimuli. This result is in line with our hypothesis that BPD patients show a tendency to experience most of their life events as poorly integrated and not completely resolved.

Some limitations must be considered while interpreting our results. The first limitation is that sample size is rather small. The second limitation is the exclusion of comorbid conditions. This criterion was applied in order to select a group with more homogeneous clinical characteristics and to avoid the effects of co-occurring psychiatric disorders. Given that psychiatric comorbidities are common in BPD, the study sample may present clinical features that are partially different from those typically found in clinical practice, thereby compromising generalisability of our findings. The third limitation consists of the lack of another control group including BPD patients without identity disturbance. The fourth limitation concerns the unstable sense of the self and the uncertain narrative identity of BPD patients, being prone to change of opinion with regard to resolved or unresolved significant life events during the week between administration of Autobiographical Interview and fMRI scans. In order to minimize the effect of this limitation, participants were asked to read the summaries of life events immediately before fMRI scans and to confirm that each event was correctly allocated among resolved or unresolved experiences. Moreover, the level of dissociation was not assessed in our sample with specific evaluation instruments and this variable may have an impact on identity and neural activity. Finally, even though we have corrected fMRI results for the number of ROIs to reduce the chance of a Type-I error, this can represent a limitation in methodological approach.

The innovative contribution of the present study is the aim to evaluate whether BPD patients with identity disturbance differ from healthy subjects in brain functioning during a specifically designed autobiographical task. To our knowledge this is the first study that specifically investigated this issue. As we retain that identity disturbance is a core psychopathological feature in BPD the present study represents a further effort in the comprehension of the brain mechanism that are associated with the core psychopathology of BPD.
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[^1]: Paola Bozzatello and Rosalba Morese equally contributed to the study and can both be considered as first authors.

[^2]: BPD = Borderline Personality Disorder; SD = Standard Deviation; IDQ = Identity Disturbance Questionnaire.

[^3]: Peak activity coordinates are given in MNI space.

[^4]: Significant neural activation in group analysis: patient group *vs* control group for the contrasts 1) life event resolved condition vs life event neutral condition, and 2) life event unresolved condition vs life event neutral condition.

[^5]: All contrasts were analysed using a small volume correction (SVC) with a sphere of 10 mm radius Statistical threshold of p \< .004 family-wise error corrected for multiple comparisons at the voxel level over small volumes of interest.
